We study the light CP -even neutral Higgs boson production in association with an electron and a jet at the possible CERN large hadron-electron collider within the minimal supersymmetric standard model. We investigate the possible supersymmetric effects on this process and compare our standard model numerical results with those in previous work. We present the leading-order and QCD next-to-leading-order corrected total cross sections and the distributions of the transverse momenta of the final electron, the light neutral Higgs boson, and jet in the minimal supersymmetric standard model. Our results show that the scale dependence of the leading-order cross section is obviously reduced by the QCD next-to-leading-order corrections. The K factor of the QCD correction to the total cross section at the large hadron-electron collider varies from 0.893 to 1.048 when the factorization/renormalization scale µ goes up from 0.2m Z to 3.8m Z in our chosen parameter space.
I. Introduction
One of the most significant tasks for high-energy experiments is to search for scalar Higgs particles [1] [2] [3] [4] [5] . Although the standard model (SM) [6] has achieved impressive experimental success, the Higgs boson, which is predicted by the SM for spontaneous electroweak symmetry breaking, remains a mystery. Moreover, there exists the problem of the quadratically divergent contributions to the corrections to the Higgs boson mass, which is the so-called naturalness problem. Alternative conceptional difficulties, such as the hierarchy problem, the necessity of the tuning and the nonoccurrence of gauge coupling unification at high energies, suggest that the SM is probably the low-energy limit of a more fundamental theory.
As the most hopeful extensions of the SM, the supersymmetric (SUSY) models can solve such problems mentioned above. The minimal supersymmetric standard model (MSSM) [7, 8] 4 GeV for tan β > 0.4 (at 95% C.L.) [9, 10] .
Recently, a possible high-energy collider in e − -p collision mode at the LHC, the large hadronelectron collider (LHeC), has been sketched [11, 12] . There will exist a rich physics program [13] .
The LHeC can be used to accurately determine the parton dynamics and the momentum distributions of quarks and gluons in the proton, and furthermore it may play a significant role in the discovery and interpretation of new physics. The incoming proton beam at the LHeC has
an energy E p = 7 T eV and the energy of incoming electron is considered as E e = 50 − 200 GeV according to several scenarios, with the center-of-mass system energy of √ s = 2 E p E e ≈ 1.18 − 2.37 T eV . It seems that the LHeC provides a cleaner environment than a hadron-hadron collider in accessing the couplings of the Higgs boson to gauge bosons.
The production channel e − p → e − h 0 j + X , a neutral current (NC) process at the LHeC, attracted the physicist's attentions. In Ref. [14] it is pointed out that the electron reconstruction in the NC process is superior with respect to that of the missing neutrino in the charged current process, e − p → ν e h 0 j + X, and the NC process has the potential to increase the overall Higgs boson signal efficiency, and there they studied the use of forward jet tagging as a means to secure the observation of the Higgs boson in the H 0 → bb decay mode and to significantly improve the purity of the signal. The QCD next-to-leading-order (NLO) corrections to the SM cannot be separated in experimental data entirely. Therefore, the higher order QCD predictions for these reactions are necessary.
In this paper, we calculate the full QCD NLO corrections to the process e − p → e − h 0 j + X at the LHeC and estimate the capability of the LHeC to access the light MSSM CP -even Higgs boson in the e − h 0 j production. The numerical results at the leading-order (LO) are compared with those in Ref. [14] . The paper is organized as follows: We describe the technical details of the related LO and QCD NLO calculations in both the SM and the MSSM in Secs. II and III, respectively. In Sec. IV we give some numerical results and discussions about the QCD NLO corrections in the MSSM. Finally, a short summary is given. 
II. LO cross sections
The LO and QCD NLO calculations are carried out in 't Hooft-Feynman gauge. The The expression of the LO cross section for the partonic process e − q → e − h 0 q can be written in the form aŝ 
The LO total cross section for the e − p → e − h 0 j + X process at the LHeC can be expressed
There µ f is the factorization scale, s is the total c.m. energy squared of the electron-proton collision, x describes the four-momentum fraction of parton q in an incoming proton with the definitions of x = p 2 P , and P is the four-momentum of the incoming proton.
, c,c, s,s) represent the PDFs of parton q in proton p.
III. QCD NLO corrections in the MSSM III..1 Virtual corrections
In order to compare the results in the MSSM with those in the SM we present the QCD NLO calculations in both models. In the NLO calculations, we adopt the dimensional regularization in D = 4 − 2ǫ dimensions to isolate the ultraviolet (UV) and infrared (IR) singularities.
The wave functions of the external fields are renormalized under the on-shell renormalization scheme. The virtual correction to the subprocess e − q → e − h 0 q involves both soft and collinear IR singularities. In our calculation we introduce the following counterterms for related wave functions in the SM and the MSSM:
The wave-function renormalization constants of the massless quarks (q = u, d, c, s) in the SM are written as
2) where 
where the definitions for the two-point integrals are adopted from Ref. [19] , and θq is the mixing angle of scalar quarks (q L ,q R ), q L =q 1 cos θq −q 2 sin θq,q R =q 1 sin θq +q 2 cos θq.
The one-loop level Feynman diagrams include self-energy, vertex, box (4-point) and counterterm Feynman graphs. We depict the SM QCD vertex diagram in Fig.2 , and the representative pure SUSY QCD (pSQCD) one-loop diagrams are drawn in Fig.3 .
III..2 Real gluon and light-(anti)quark emission corrections
The relevant real emission partonic processes can be grouped as ( The IR singularities of the real parton emission subprocesses can be isolated by adopting the two cutoff phase-space slicing method [20] . In Figs.4 and 5 we present the Feynman diagrams for the real gluon emission subprocess e
, respectively. In adopting the two cutoff phase-space slicing method we introduce an arbitrary small soft cutoff δ s to separate the 2 → 4 phase-space into two regions, E 6 ≤ δ s √ŝ /2 (soft gluon region) and E 6 > δ s √ŝ /2 (hard gluon region), and another cutoff δ c to decompose the hard region into a hard collinear (HC) region with p 2 (p 5 ).p 6 < δ cŝ /2 and hard noncollinear (HC) region with
Then the cross sections for the real emission subprocesses e − (q, g) → e − h 0 q(g,q) can be written asσ
IV. Numerical Results and Discussion
In our numerical calculations we take one-loop and two-loop running α s in the LO and NLO calculations, respectively [9] . The QCD parameters are taken as N f = 5, Λ = 226 MeV . We take the renormalization and factorization scales to be a common value as µ ≡ µ r = µ f and choose the energy scale to be at the Z 0 mass (i.e., µ = µ 0 = m Z ) by The verifications for the total QCD NLO correction being independent of the two cutoffs δ s and δ c are made. We calculate the total QCD NLO corrections to the e − p → e − h 0 j + X process in the MSSM at the LHeC with the cutoffs δ s running from 10 −5 to 10 −3 , δ c = δ s /200, and
The results show that although the three-body correction [∆σ
and four-body correction [∆σ (4) = σ HC ] depend strongly on the cutoff δ s (δ c ), the final total QCD NLO correction ∆σ N LO , which is the summation of the three-body and four-body terms,
i.e., ∆σ N LO = ∆σ We made the comparison of our LO numerical results for the process e − p → e − H 0 j + X in the SM at the LHeC with the corresponding results read out from Fig.2 in Ref. [14] , and find that they are coincident with each other within the statistic errors.
In the following LO and NLO numerical calculations, we adopt the massless four-flavor scheme and put the restriction of p j T > p cut T,j on the jet transverse momentum for one-jet events. For the two-jet events (originating from the real corrections), we apply the jet algorithm in the definition of the tagged hard jet with R = 1, i.e., if final state two partons satisfy ∆η 2 + ∆φ 2 < 1 (where ∆η and ∆φ are the differences of rapidity and azimuthal angle between the two jets), we merge them into a single jet. We use the so-called "inclusive" scheme and keep events with one or two jets. We require that there is one jet with p We plot the dependence of the LO and QCD NLO corrected total cross sections for the e − p → e − h 0 j +X process in the MSSM on the renormalization/factorization scale µ in Fig.6(a) .
The corresponding K factor defined as K = We plot the LO and QCD NLO corrected total cross sections for the e − p → e − h 0 j + X process in the MSSM as a function of the incoming electron beam energy E e running from 50 GeV to 200 GeV in Fig.7(a) , that corresponds to the c.m. colliding energy range of √ s ≈ 1.18 − 2.37 T eV . The corresponding K factors are depicted as a function of the incoming electron beam energy E e in Fig.7(b) . In Fig.7 (a) the full line is for the QCD NLO corrected total cross section for the e − p → e − h 0 j + X process, and the dotted line for the LO cross section. We can see from Figs.7(a) and 7(b) that the QCD NLO corrections reduce slightly the LO total cross sections for the process e − p → e − h 0 j + X in the plotted incoming electron beam energy range, and the production rate increases with E e . In Fig.7(c) we depict the K factor versus electron beam energy E e , the energy scales µ being 0.5µ 0 and 3µ 0 separately. We can see from Fig.7(c) that the K-factor uncertainty, ∆K = K(µ = 3µ 0 ) − K(µ = 0.5µ 0 ), ranges from 12.79% to 7.13% when E e goes up from 50 GeV to 200 GeV . Figure 7 : (a) The dependence of the LO and QCD NLO corrected total cross sections for the e − p → e − h 0 j + X process in the MSSM on the incoming electron beam energy E e in the MSSM, where we take µ = µ 0 , E p = 7 T eV , and E e = 140 GeV . (b) The corresponding K factor (K = σ NLO σ LO ) versus the incoming electron beam energy E e . (c) The K factor versus the incoming electron beam energy E e with µ = 0.5µ 0 and µ = 3µ 0 , respectively.
The curves for the LO and QCD NLO corrected cross sections for the process e − p → e − h 0 j + X as a function of tan β are drawn in Fig.8(a) , where the corresponding values of m h 0 are also shown on the x axis in Figs.8(a) and 8(b) . The values of m A 0 and of the other parameters are those given above. In Fig.8(a) , we can see that both curves go down rapidly in the region of 2 < tan β < 6 (85.52 GeV < m h 0 = 113.14 GeV ). Then the curves go up slowly
after the values reach their corresponding minimal values at position around tan β ∼ 7.5. The relevant K-factor (K = σ N LO /σ LO ) versus tan β (and m h 0 ) is plotted in Fig.8(b) . The K factor generally has a constant value of about 0.99. We further depict two curves for the K factors with µ = 0.5µ 0 and µ = 3µ 0 separately, as a function of tan β (and m h 0 ) in Fig.8(c) .
We can read out from Fig.8(c) that the K-factor uncertainty due to the scale µ, defined as
, is in the range from 4.06% to 6.29% when tan β (m h 0 )
varies from 2 (92.80 GeV ) to 50 (121.64 GeV ).
For the comparison of the results for the processes e − p → e − H 0 j + X in the SM and e − p → e − h 0 j + X in the MSSM at the LHeC, we read out the data in the MSSM from Fig.8(a) at the positions of tan β = 3, 7, 18, 38 respectively, and list these results together with the corresponding SM ones in Table 1 In Fig.9(a) we depict the LO and QCD NLO corrected cross sections for the process e − p → for tan β = 3, 7, 18, 38 obtained from Fig.8(a) , and the corresponding SM results of the σ SM LO,N LO of the process e − p → e − H 0 j + X are listed in the table, where we take the same SM parameters and the mass of the Higgs boson (m h 0 = m H 0 ) in both the SM and the MSSM calculations. δ N LO is defined as
220 GeV , the LO and QCD NLO corrected cross sections decrease gently. The corresponding K factor versus m A 0 (and m h 0 ) is displayed in Fig.9(b) . The K factor seems to be stable and has the value around 0.99. We can see that when we fix the energy scale µ = µ 0 , the QCD The distributions of the transverse momenta of the final particles at the LO and up to the QCD NLO, and their corresponding K factors for the process e − p → e − h 0 j + X are depicted in Figs.10(a,b,c) , where we define K = dσ NLO dp T / dσ LO dp T . In Figs 
V. Summary
In this paper we calculate the full QCD NLO corrections to the light CP -even neutral Higgs Figure 10 : (a) The LO and QCD NLO corrected differential cross sections dσ dp e
